Technology at the University of New Haven, in this paper, we illustrate how to use MATLAB to help students" learning of calculus-based business mathematics and apply the calculus principles to find solutions to real quantitative business problems. Our experience shows that MATLAB greatly saves students" efforts in learning difficult and pure calculus formulas and it is easy for business students to acquire the basic internal functions in using MATLAB.
INTRODUCTION
alculus-based business mathematics is a difficult course to many business students due to their poor algebraic skills. It is also challenging for instructors to teach this course within a limited time schedule, usually one-semester for covering derivative and integration topics, and a small part of multivariate calculus and applications in business. Without resorting to modern technology, traditional teaching of this course may be just presenting the formulas to students without proof, illustrating by examples and then having students do simple exercises by hand. This old-style teaching method may receive desirable effects if all students have the necessary preliminary algebra knowledge and algebra-operation skills. Many business students, however, show strong dislike in mathematical formulas. Some are even math-phobia when doing algebraic operations with relatively complicated mathematical functions by hand. It is a common situation that students in the same class have various levels of algebraic knowledge. When having students solve derivative or integration problems, after the instructor"s illustrations of using the formulas, some students may be able to follow the same idea in the illustrated examples, but others have no idea in how to start with -they simply couldn"t get the idea from the instructor"s illustration. When facing with this situation, the instructor may either repeat the illustrations a few more times or make up the missing algebraic skills for those students in order to move on to the next topics. This may not be a problem if the teaching time is not limited. However, business mathematics is usually a one-semester course to business students and regular topics in derivative and integration and their applications in business are supposed to be covered. This calls for the resort of modern technology to help students" learning. Widely available and affordable computer programs make it possible for business students to learn calculus-based business mathematics with substantially reduced efforts, especially for those students with poor or weak math-operation skills.
Among the widely available symbolic computer programs such as MATHEMATICA, MATLAB and others, MATLAB may be one of the easiest one for business students to learn in short time. The Symbolic Math Toolbox in MATLAB provides almost all necessary math-operation techniques for students to the course of business 16 mathematics. It is a quite direct approach to learning MATLAB commands for math operations in calculus, optimization and integration. In this paper, we will summarize our experience in using MATLAB to teach business mathematics for undergraduate students in the College of Business at the University of New Haven. Section 2 presents the step-by-step MATLAB-aided teaching topics in our one-semester course of business mathematics. Some concluding remarks are given in the last section.
2.
MATLAB-AIDED TEACHING TOPICS 2.1.
Introduction to limit
The major topics in calculus are based on the concept of limit. Most students learned this concept in high school but some of them forgot most of the mathematical operation in obtaining the limit. To proceed to the concept of instantaneous change rate or derivative of a function, it is necessary to review the concept of limit and show students how to obtain the limit of a given function. Because the topic of limit is transitory in teaching calculus, we just review the concept and show the students how to use MATLAB to obtain the limit of a given function. The following example covers the limits of frequently used functions such as polynomial functions, rational functions, root functions, composite power functions, exponential and logarithmic functions. (1)
By using the "syms" and "limit" commands in MATLAB, the output can be obtained: 
(4) (6)
Graphing and its application
Graphing is an intuitive and the easiest way for students to understand the numerical relationship between two variables or to compare the increasing and decreasing rates of two or more functions simultaneously. The instantaneous change rate of derivative of a function can be easily interpreted by graphing. 
By using the "ezplot" command in MATLAB, the output is obtained. It can be easily identified that the approximate optimal demand x to maximize the profit is close to 4,000 transistors. A mail-order company specializing in computer equipment estimated (based on past data) the price-demand equation
Where x is the weekly demand for x modems with unit price $100. Identify the approximate optimal demand x to maximize the profit.
The profit function is obtained:
By using the "ezplot" command in MATLAB, the output is obtained. It can be easily identified that the approximate optimal demand x to maximize the profit is close to 450 modems. 
By using the "ezplot" command in MATLAB, the output is obtained. It can be easily identified that the approximate optimal demand x to maximize the profit is close to 8,000 cream puffs. Example 2.3. Graphing two or more functions in a single window. Use the graphing technique to identify the demand interval in which profit can be made. When the revenue is greater than the cost, profit can be made. Therefore, it is necessary to plot the revenue function and cost function in a single window for comparison between the two functions.
(1)
In (1) 
The "plot" command in MATLAB is used to plot two or more functions in a single window. This command requires generating the plotting points first before plotting. The MATLAB steps are given as in the following output.
Step 1. Generate the plotting values for x. Under the MATLAB command sign, type "x=[0:10:9000];", where "0" is the starting point of the plot and "9000" the ending point, "10" is the step length which is chosen by convenience;
Step 2. Generate the plotting values for ) (x C by the given cost function by typing "C=90000+30*x;" under the MATLAB command line, here the semi-colon ";" is typed to avoid any output from the command;
Step 3. Generate the plotting values for ) (x R by the given revenue function by typing "R=x.*(300-x/30);" under the MATLAB command line, where the "dot product" ".*" is used for product of vectors because x=[0:10:9000] is a vector of 900 1 ;
Step 4. After generating the plotting values, it is ready to plot by using the "plot" command. In the "plot" command, "x,R,"-"" means that the plot for ) (x R versus x is a "real line", "x,C,"-"" means that the plot for ) (x C versus x is a "dashed line". MATLAB provides several options for the types of line;
Step 5. Use the "gtext" command to add a label to the curves for ) (x R and ) (x C , respectively. This step is just optional. Type "gtext("…")" under the MATLAB command line for whatever text "…" you want to label.
Step 6. Find the break-even points (zero profit): the revenue is equal to the cost so that zero profit is obtained by using the "solve" command in MATLAB to solve the equation " Derivative and optimization
The first derivative and its application in business
Derivative is the major topic in teaching calculus-based business mathematics. The major application of calculus in business is to find the optimal solution to a quantitative business problem. This is solved by optimization process based on derivative. Therefore, derivative is the key to solve many quantitative business problems related to optimization. In widely available textbooks on business mathematics, a common way to handle the derivative topic is to illustrate by various examples how to use the formulas to obtain the derivative of a given function. Without resorting to modern computer programs, this method may work for students with sufficient algebra-operation skills. Business students are usually more interested in finding solutions to business problems without preparing themselves in basic mathematical theory. Resorting to modern computer programs such as MATLAB with less emphasis on manual operation makes it possible for students to realize this purpose. By using MATLAB, most students realized that it is a lot of fun instead of burden to study business mathematics with the help of MATLAB. We illustrate the use of MATLAB in teaching derivative topics through the following example. Example 2.4. Price-supply and price-demand problems.
The number of x stereo speakers a retail chain is willing to sell per week at a price of $p is given by What is the common number of stereo speakers that retail chain is willing to sell and people are willing to buy per week?
The solutions are given by MATLAB output in Figure 7 as follows.
(1) Derivative computation The profit function is:
The results are given in the MATLAB output in Figure 9, 
The second derivative and its application
The major application of the second derivative in business is to confirm whether the optimal solution to the problem by the first derivative method leads to maximum or minimum. This requires checking the sign of the second derivative at the optimal point(s). A negative value of the second derivative at an optimal point confirms that this optimal point is a local maxima; a positive value of the second derivative at an optimal point confirms that this optimal point is a local minima. Usually speaking, a local optimal solution is also the absolute optimal solution to a business problem. Example 2.6. Example 2.5 continues.
In Example 2.5, the optimal solution to the profit function is x=4050. The computation of the second derivative of the profit function at this point is given in Figure 11 , which is a negative constant. This confirms that x=4050 is a local maxima. This implies that the optimal demand level is x=4050. In Example 2.5, the optimal solution to the profit function is x=7892. The computation of the second derivative of the profit function at this point is given in Figure 12 . 
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Integration and its applications in business
Integration may be the most challenging topic in teaching calculus-based business mathematics for both instructors and students. Traditional teaching of this topic is usually by presenting the formulas and illustrating the application of the formulas through various examples. This again requires students" even stronger algebra-operation skills. It is just these skills that make it the most difficult topic for students to learn integration. Integration consists of indefinite integrals and definite integrals. While the idea for both indefinite and definite integrals is usually easy for business students to understand, manual computation of the indefinite and definite integrals is completely another story for many students. Based on our experience, MATLAB makes it possible for business students to learn the integration topic and apply it to business problems without much difficulty. (1) What will be the total sales, ) (t S , t months after the beginning of the national campaign if assuming zero sales at the beginning of the campaign? (2) What are the estimated total sales for the first 12 months of the campaign? (3) When will the estimated total sales reach $100 million?
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The same steps as in Example 2.7 are followed and the MATLAB output for (1) is given in Figure 15a . It shows that 100 )
Figure 15a Computation of the indefinite integral with a given initial condition
Results for (2) and (3) are given in Figure 15b , where for (3), it is required to solve the equation for t: Find the equilibrium price and the equilibrium quantity.
The MATLAB solutions are given in Figure 16 (a, b, c) . Figure 16a is for solution of (1), the first command 
This means that the consumers" surplus is $977.15. It represents the total savings $977.15 to consumers who are willing to pay more than the price $2.089 but are still able to buy the product at the price $2.089. 
This means that the producers" surplus is $712.06. It represents the total savings $712.06 to producers who are willing to supply at a lower price than $25 but are still able to supply the product at the price $25. Figure 16c is for solution of (3), the first command "solve("9-log(x+4)=5*log(x+1)")" is for finding the equilibrium variables if the company produces more than one type of products. Problems related to maximization of multivariate profit functions belong to the topic of multivariate calculus. In this section we will illustrate the MATLAB solutions to some simple multivariate calculus problems. 
